Abstract In a cohort of patients receiving care for HIV, we examined longitudinally the impact of past 30-day frequency of heavy drinking (consuming 5? drinks on one occasion) on HIV-related (detectable viral load and CD4? T cell count) and non-HIV-related (hemoglobin and biomarkers of kidney function and liver fibrosis) clinical outcomes and the extent to which these effects were due to reduced antiretroviral therapy (ART) adherence. Data came from the Study to Understand the Natural History of HIV/ AIDS in the Era of Effective Therapy. Between March 2004 and June 2006, 533 individuals receiving ART were recruited and followed every 6 months for six years. Using longitudinal mediation analysis, we estimated natural direct effects (NDE) of heavy drinking frequency (never, 1-3 times, or 4? times in the past 30 days) on clinical outcomes and natural indirect effects (NIE) mediated via ART adherence. A one-level increase in heavy drinking frequency had a significant negative NDE on CD4? T-cell counts (-10.61 cells/mm 3 ; 95 % CI [-17.10, -4.12]) and a significant NIE through reduced ART adherence of -0.72 cells/mm 3 (95 % CI [-1.28, -0.15]), as well as a significant NIE on risk of detectable viral load (risk ratio = 1.03; 95 % CI [1.00, 1.05]). Heavy drinking had a significant detrimental NIE on a combined index of 5-year mortality risk and detrimental NDE and total effect on a biomarker of liver fibrosis. Heavy drinking has deleterious effects on multiple clinical outcomes in people living with HIV, some of which are mediated through reduced ART adherence.
Introduction
Recent estimates indicate that 61 % of persons living with HIV (PLWH) in the United States (U.S.) have consumed alcohol in the past year with 14.6 % reporting drinking heavily (4 or more alcohol drinks on a single day for women; 5 or more drinks for men) at least once in the past 30 days [1] . Two longitudinal studies have found that having of an alcohol use disorder or engaging in high levels of alcohol consumption predict increased risk of all-cause mortality in PLWH [2, 3] ; in fact, the relative risk of mortality associated with heavy drinking appears to be especially high in PLWH compared to those without HIV [3] . Understanding how alcohol use contributes to excess mortality in PLWH is an important topic for clinical research.
A large number of studies have documented that higher levels of drinking in PLWH are associated with decreased adherence to ART [4] [5] [6] [7] [8] . Although definitions of heavy drinking have varied across studies, a comprehensive metaanalysis found that at-risk drinkers (women drinking [ drinks per week or 4? drinks in any day; men drinking [4 drinks per week or 5? drinks on any day) were much less likely to be adherent (aOR 0.47, 95 % CI,[0. 41, 0 .55]) than nondrinkers [5] . Heavy drinking, in particular, appears to be more strongly associated with non-adherence than the number of drinks consumed per week [6] .
Given the association between heavy drinking and poor ART adherence, it is not surprising that a number of studies have found that heavy drinking is associated with poor health, including elevated plasma HIV RNA viral load (VL) and lower CD4? T-cell counts [4, [9] [10] [11] . Many of these studies have been cross-sectional. However, a longitudinal study found that high levels of alcohol consumption (4 or more drinks per day for men, 3 or more per day for women) predicted virologic rebound in those on ART who had initially had an undetectable viral load [12] , and another found that drinking 2 or more drinks per day strongly predicted CD4? T-cell count declines to less than 200 cells/mm 3 [13] . None of these studies formally tested whether the associations between heavier drinking and poorer HIV outcomes were due to reduced ART adherence.
When examining the effect of alcohol use on the health of PLWH, it is also important to consider non-HIV-related biomarkers that predict mortality in this population. In particular, the Veterans Aging Cohort Study (VACS) demonstrated that an index of mortality risk (the VACS Index), which incorporated non-HIV biomarkers including liver function (termed Fibrosis 4 ), kidney function, hemoglobin, and hepatitis C status, significantly improved survival prediction compared with an index using only age and HIV biomarkers (VL and CD4? T-cell count; [14] [15] [16] [17] . Greater alcohol consumption and heavy drinking have been associated with higher VACS Index scores in cross-sectional analyses [3, 18] , but no longitudinal studies to date have reported on the effect of heavy drinking on VACS Index scores over time.
It is not clear which components of the VACS Index are most likely to be impacted by drinking. Heavy drinking may have differential associations with non-HIV components of the VACS Index leading to poorer values on some components and improved values on others. Specifically, heavy drinking has been associated with increased liver fibrosis and cirrhosis [19] [20] [21] [22] in PLWH who are coinfected with HCV, and hazardous drinking has been associated with a greater aspartate aminotransferase-toplatelet ratio index, a biomarker of risk for fibrosis and cirrhosis [23] . However, some studies have not found these associations [24, 25] . No studies to date have reported whether heavy drinking in PLWH is associated with the two other non-HIV-related biomarkers in the VACS Index, altered kidney function and hemoglobin. In the general population, consumption of seven or more drinks per week has been associated with a lower risk of reduced kidney function as assessed by estimated glomerular filtration rate (eGFR) [26] , and greater drinking frequency and quantity have been associated with lower risk of chronic kidney disease [27] . Among the general population, greater alcohol use has been associated with higher hemoglobin values [28] but with a reduction in total red blood cell counts [29] . Examining how heavy drinking impacts these biomarkers in PLWH is important to understanding how heavy drinking impacts VACS Index scores as a whole.
Study Aims
This study addresses a number of limitations in the empirical literature on the health impact of heavy drinking in PLWH. Previous research on this topic has typically used cross-sectional data or examined alcohol use at one time point to predict future clinical outcomes. Such studies do not capture the dynamic nature of alcohol consumption over time, leading to uncertainties about potential causal effects that are best addressed with longitudinal analyses. In addition, the role of ART adherence in the association between heavy drinking and health outcomes in PLWH also has not been fully integrated into most study analyses, and previous studies that examined alcohol's effect on adherence in PLWH have not formally tested the extent to which alcohol consumption directly impacts clinical outcomes or indirectly affects outcomes through reducing ART adherence [12] . Finally, most studies have examined only one or two clinical outcomes in a single analysis, despite the importance of considering other clinical outcomes, such as those included in the VACS Index, in addition to VL and CD4? T-cell count.
The purpose of our study was to examine longitudinally the impact of heavy drinking on HIV-and non-HIV-related outcomes in PLWH using data from the Study to Understand the Natural History of HIV/AIDS in the Era of Effective Therapy [30] (the 'SUN' Study). We analyzed frequency of heavy drinking as a time-dependent predictor (i.e., a predictor that changes over time) of outcomes while controlling both for time-independent confounders (static variables such as gender, race) and time-dependent confounders (e.g., illicit drug use, depression). We tested effects of heavy drinking on two HIV clinical biomarkers (CD4? and VL), the three non-HIV-related biomarkers in the VACS Index (liver function, kidney function, and hemoglobin), and overall VACS Index scores. We used a causal modeling approach for observational data to test the extent to which heavy drinking had direct effects on outcomes versus indirect effects through reduced ART adherence.
Methods
The SUN Study, a prospective longitudinal cohort study, monitored the clinical course of HIV-infected individuals treated with combination ART in four U.S. cities (Denver, Minneapolis, Providence, and St. Louis). The study population has been previously described in detail [30] . Between March 2004 and June 2006, seven hundred participants were enrolled and assessed at six-month intervals that coincided with scheduled clinic appointments over six years; for the purposes of these analyses, which modeled effects of ART non-adherence, we only included those 533 participants who were receiving ART at the baseline study visit. The institutional review boards of the Centers for Disease Control and Prevention and all participating institutions approved the study protocol. All eligible potential participants read and signed the informed consent document.
Participants
Patients who routinely received care at seven HIV specialty clinics were recruited to participate. Patients were eligible if they were capable of providing informed consent, were at least 18 years of age, had documented HIV infection, had attended at least two appointments at the clinic of enrollment, and had been treated only with combination ART. Patients who were pregnant or incarcerated were also excluded. Because a goal of the study was to examine patient outcomes over at least a 5-year period, patients also were excluded if they were expected to survive for less than 2 years or in the preceding 60 days had had an AIDSdefining illness or received chemotherapy or immunemodulating therapy.
Procedure
At each visit, we conducted clinical assessments, medical record abstractions, and audio computer-assisted self-interviews (ACASI). We also collected blood and urine specimens. Laboratory data were routinely collected and recorded at each clinical visit. Basic demographic information and medication lists (including dose, frequency, duration) were extracted from the medical record.
Measures
Serum biomarkers HIV biomarkers included VL and CD4? T-cell count. Non-HIV biomarkers included indices of liver fibrosis, kidney function, and hemoglobin: We used FIB-4 to estimate the extent of liver fibrosis; FIB-4 incorporates aspartate aminotransferase, alanine aminotransferase, platelets, and age, and has both high negative and positive predictive values for the presence of advanced fibrosis [31, 32] . We used the Modified Diet in Renal Disease equation to evaluate renal function [33] by estimated glomerular filtration rate (eGFR) based on creatinine, age, sex, and race. We recorded hemoglobin levels as grams per deciliter (g/dL). Finally at every visit, we calculated a VACS Index score for each participant by summing weighted point values for each of the following components: age, VL, CD4? T-cell count, FIB-4, eGFR, hemoglobin, and HCV serostatus [14, 16] .
ACASI variables We used questions from the Behavioral Risk Factor Surveillance System (http://www.cdc.gov/ brfss/) to assess frequency of drinking, typical quantity of drinking, and frequency of drinking five or more drinks over the past 30 days. We assessed ART adherence by asking the number of missed doses in the past 3 days, which then was dichotomized for our analyses as either no missed doses or having missed at least one dose, given that missing more than one dose was quite rare. We also assessed 30-day frequency of cigarette smoking and use of marijuana, cocaine, inhaled nitrites (poppers), heroin, injection drugs, amphetamines, methamphetamines and club/party drugs. Finally, we used the Primary Care Evaluation of Mental Disorders (PRIME-MD) to assess for major depressive disorder [34] .
Data Analysis
The primary outcomes of interest at each assessment included VL and CD4? T-cell count, other components of the VACS Index (FIB-4, eGFR, and hemoglobin), and the VACS Index score. VL was dichotomized as being detectable ([75 cells/mm 3 ) versus undetectable. FIB-4 was log-transformed to better approximate a normal distribution. We conducted mediation analyses to estimate the natural direct (NDE) and natural indirect effects (NIE) of past-30-day heavy drinking frequency on HIV and clinical outcomes using the approach of Valeri and VanderWeele [35] . In the context of our study, NDE was defined as the effect of heavy drinking on health outcomes if ART adherence was kept at the 'natural' level in the absence of heavy drinking (i.e., what adherence would be expected to be if an individual had no heavy drinking), and NIE was defined as the effect of drinking-induced changes in ART adherence on health outcomes while drinking status was maintained at 'heavy drinking'. The NDE and NIE allow for clearer causal interpretations than other mediation approaches and have become increasingly used over the past decade [35] [36] [37] [38] [39] .
To take advantage of the longitudinal nature of the study, we estimated the NDE and NIE of heavy drinking using structural equations models [39, 40] as depicted in Fig. 1 . Specifically, we denote the clinical outcomes of interest by Y, ART adherence by M, and heavy drinking status by A. The subscripts t, t-, and (t-1) denote outcomes at current visit, in the past 30 days, and at the previous visit, respectively. Time-independent confounders at baseline are denoted by X 0 ; for these analyses we chose a priori to include: demographics variables (age, gender, race/ethnicity, education level); hepatitis B (HBV) or HCV coinfection, which could impact liver function; and study site given that participants were nested within site. In Fig. 1 , C (t-1) denotes the confounding effects due to timedependent factors. We decided a priori to include as timedependent confounders both behavioral (drug use and depression) and demographic (employment status) factors that can change over time and may be related to ART adherence and/or heavy drinking; drug use was represented with two dichotomous variables representing (a) any of marijuana use and (b) any use of drugs other than marijuana. Given the observed overlap between heavy drinking and cigarette smoking and the potential impact of smoking on various health outcomes, current smoking status (dichotomous) at the last visit was a included as time-dependent confounder. We also included heavy drinking status at the last visit so that the effect of current heavy drinking was not confounded with past heavy drinking. We adjusted for time-independent confounders X 0 , time-dependent confounders C (t-1) , and clinical outcomes at the last visit Y (t-1) in all models. The NDE is represented by the path that goes from A t-directly to Y t , whereas the NIE is the effect of A t-on Y t that goes through its effect on M t-.
We analyzed heavy drinking frequency as an ordinal variable. Justice et al. [3] found that heavy drinking frequency showed a roughly linear association with increased mortality risk, when comparing monthly heavy drinking to weekly heavy drinking to daily heavy drinking. Because of the low number of participants who drank heavily more than 4 days in the past month in the current sample, we collapsed past 30-day heavy drinking frequency into three levels (0, 1-3, and [4 days). We assumed that there was a roughly linear increasing dose effect over these three categories of heavy drinking. These linear assumptions were verified using residual plots for continuous outcomes (e.g. eGFR and VACS), and Hosmer-Lemeshow test for binary outcomes (e.g. detectable VL and ART adherence).
We allowed that heavy drinking and ART adherence could have an interacting effect on outcomes. Depending on the distributional properties of the outcome, different regression models were chosen: a log-linear model was fit to the dichotomized VL outcome and linear models were fit to the continuous outcomes (CD4? T-cell count, log FIB-4, eGFR, hemoglobin, and VACS). The log-linear model for detectable VL differs from the linear model for log FIB-4, where the log in the former is a 'link function' while in the later, the log is a transformation of the continuous outcome.
To account for within-person correlations due to repeated measures, we calculated standard errors and p-values Fig. 1 Causal diagram of the natural direct effect of past 30-day heavy drinking on biomarker outcome Y t and the natural indirect effect of heavy drinking on Y t that goes through antiretroviral (ART) adherence using the bootstrap method with 1000 resamples whereby each participant was the basic resampling unit. In all analyses, we assumed that data were missing at random [41, 42] ; that is, we assumed that conditional on baseline confounders X 0 , time-dependent confounders C (t-1) at last visit, and clinical outcome Y (t-1) at the last visit, those with missing values were comparable to the participants who completed the visit. All analyses were carried out using STATA Version 12.1 (StataCorp. 4905 Lakeway Dr., College Station, TX 77,845), and a significance level of less than 0.05 was used.
Results

Descriptive Analyses
The demographic and clinical characteristics of participants at baseline are shown in Table 1 ; these characteristics are further broken down by frequency of heavy drinking at baseline. Being male, smoking cigarettes, and using marijuana were particularly strongly associated with greater frequency of heavy drinking. Figure 2 shows study retention, heavy drinking frequency, and ART adherence over the course of follow-ups. Panel 2a shows the proportion of the sample who completed the assessment, missed the assessment, or were lost/dropped out of the study at each follow-up. Overall, 24 participants died during follow up, 39 were lost, 52 moved and therefore received care at a new clinic, and 82 withdrew from the study. At visit six (3 years post-enrollment), data for approximately 30 % of the participants were missing. At the end of year six, data were missing for 44 % of the original sample (n = 296; Fig. 2a ). Heavy drinking frequency at baseline was not significantly associated with a higher rate of study dropout: OR 1.17 (p = 0.45) for 1-3 times/month and OR 1.22 (p = 0.53) for 4? times/month compared to not drinking heavily.
Drinking behaviors were fairly stable over the study period (Fig. 2b) . Cross-sectional analyses demonstrated that at each visit about 70 % of participants did not drink heavily, 20 % drank heavily one to three times monthly, and approximately 10 % drank heavily four or more times in the last month. At baseline (visit 0), about 16 % of participants self-reported missing at least one ART dose in the past three days. During follow-up visits, 14-20 % of participants reported missing at least one dose in the past three days, while 77-84 % of participants reported 100 % adherence with their regimen; 1-7 % had missing ART adherence data (Fig. 2c ) primarily due to participants not being prescribed ART at a given visit.
Biomarker values and VACS Index scores are summarized in Fig. 3 . About 25 % of study participants had detectable VL (defined as plasma HIV RNA [ 75 cells/ mm 3 ) at baseline. The prevalence of having a detectable VL dropped sharply to 12 % (McNemar's Test: p \ 0.01) at the first visit then followed a nonlinear pattern so that at the end of year six the prevalence of detectable VL was approximately 19 %. The mean CD4? T-cell count increased by 25 % over time, indicating improving immune function; longitudinal regression analyses (results not shown) indicated that the increase in CD4? T-cell count was statistically significant. Although log FIB-4 and VACS Index scores increased numerically over time, suggesting greater fibrosis and greater risk of mortality, these increases were not significant. The mean eGFR and hemoglobin concentration exhibited little change.
Natural Direct and Indirect Effects
A precondition for having a significant indirect effect of heavy drinking frequency on biomarkers and clinical outcomes through reduced ART adherence is that heavy drinking has a significant effect on ART adherence. Results confirmed that condition. The linear effect over the three categories of heavy drinking frequency (0, 1-3, and [4 times in the past 30 days), adjusting for baseline and timevarying confounders including heavy drinking in the prior assessment period, was a risk ratio of 1.12 (p = 0.004). Thus, the relative risk of reporting ART nonadherence increased 12 % with each one-level increase in heavy drinking frequency. Table 2 shows the estimated NDE and NIE of heavy drinking frequency on biomarker outcomes, assuming that there was a linear increasing dose effect over the three categories of heavy drinking frequency. The parameter estimates in the table show the NDE and NIE associated with a one-level increase in heavy drinking frequency, e.g., ''1-3 times/month'' versus ''never'', or ''[4 times/month'' versus ''1-3 times/month.'' Increased frequency of past 30-day heavy drinking had a significant NIE (risk ratio = 1.03, 95 % confidence interval [CI] = 1.00, 1.05) on increasing the risk of a detectable VL through its association with decreased past 3-day ART adherence. More frequent heavy drinking had both a significant NDE of -10.61 cells/mm 3 3 on lowering CD4? T-cell count, though the NDE was substantially larger in value. Heavy drinking frequency had a significant NDE and total effect of increasing FIB-4 values. Heavy drinking had no significant effects on eGFR. Heavy drinking had a significant NDE and a total effect on increasing hemoglobin values. Finally, heavy drinking frequency had a significant NIE on increasing VACS Index scores through its association with ART adherence. 
Discussion
We analyzed data from a longitudinal observational study using causal inference methods to estimate the effects of past 30-day heavy drinking frequency on HIV-specific and non-HIV-specific outcomes in PLWH and to estimate the extent to which those effects were due to reduced ART adherence. We found that greater frequency of heavy drinking in PLWH had a significant direct effect on reduced CD4? T-cell counts and a significant direct effect on increased liver fibrosis, as indexed by FIB-4 scores. Greater heavy drinking frequency also had an indirect effect on increased risk of detectable viral load, reduced CD4? T-cell counts, and higher VACS Index scores through its association with decreased ART adherence. Greater heavy drinking frequency was associated with higher hemoglobin levels over time, which also has been noted in the general population [28] .
An association between heavy drinking and higher VL has been established in prior research [10] , and the association between heavy drinking and reduced ART adherence is well supported in the literature [5] . What our results clarify is that the effect of heavy drinking on VL is due primarily to its association with reduced ART adherence rather than to a direct effect on viral replication or reduction in ART effectiveness. Given that many PLWH may avoid taking ART when drinking, in part due to concern about interactive toxicities between alcohol and ART [8, 43] , clinicians should address such concerns directly, clearly indicating that ART adherence regardless of drinking is important for maintaining viral suppression.
Our study findings are consistent with the literature that generally supports an adverse effect of heavy drinking on CD4? T-cell counts in PLWH [10, 13] . We found that heavy drinking was associated with lower CD4? T-cell counts, in part through its association with reduced ART adherence but primarily due to a direct effect on this biomarker. Heavy drinking is known to suppress the immune system, and this effect has been shown to be due not to only its toxicity to immune system cells (dendritic cells), which play a critical role in immune function, but also to reduced antigen-specific T-cell proliferation [44] [45] [46] . Thus, especially for PLWH whose immune systems have not been fully reconstituted, avoiding heavy drinking may have direct clinical benefits. Some [19] [20] [21] [22] [23] but not all [24, 25] studies have shown associations between alcohol use and liver function. Our results suggest that viral hepatitis co-infection may be a key variable to consider when examining this association. Specifically, although we found significant direct and total effects of heavy drinking on liver fibrosis, as indexed by FIB-4 scores, subgroup analyses indicated that this effect was due primarily to a direct effect of heavy drinking in persons with HBV/HCV co-infection. The associations between viral liver disease (HBV and HCV), heavy alcohol use, increased fibrosis and increased mortality have been well supported in the literature [47] , and this study clarifies that such effects in PLWH are not due to reduced ART adherence.
We did not find a significant effect of alcohol on kidney function (eGFR). In healthy men, regular moderate alcohol consumption has not been associated with lower eGFR [26, 27] . Our results are consistent with those findings: in this sample of PLWH with a median age of 41 years, kidney function did not appear to be harmed by drinking. Likewise, our findings on hemoglobin were consistent with studies in the general population that have found a significant but small positive correlation between greater alcohol use and higher hemoglobin [28] . Alcohol enhances dietary iron absorption and has harmful effects on hepatocytes leading to an inappropriate release of ferritin into the plasma, and thereby contributes to an increase in hemoglobin. While one might make an assumption that increased hemoglobin is beneficial, a prior study found that both low and high hemoglobin levels can predict higher mortality [48] . Further study is needed to determine whether the effects of alcohol on hemoglobin in PLWH are beneficial or harmful in terms of survival.
A recent cross-sectional analysis study indicated that greater frequency of heavy drinking in PLWH was associated with higher scores on an index of 5-year mortality risk, the VACS Index [3] . The current study extended that work in a longitudinal analysis that also considered how much of the association of drinking with the VACS Index is due to indirect effects through reduced ART adherence. Controlling for prior drinking and VACS Index scores, greater heavy drinking frequency had a significant positive indirect effect on the VACS Index through reduced ART adherence. Given the strong ability of the VACS Index to predict all-cause mortality [14] [15] [16] [17] in PLWH, these results are especially concerning. Although heavy drinking had a direct effect on lowering CD4? T-cell counts and increasing FIB-4 values, which would result in greater VACS Index scores, the overall direct effect of heavy drinking on VACS Index scores was nonsignificant. This result was likely due to the direct effect of heavy drinking on raising hemoglobin levels, which would result in lower VACS Index scores. Future studies should examine more closely whether heavy drinking's effect on raising hemoglobin alters interpretation of the VACS Index.
Strengths and Limitations
To our knowledge, this prospective study is the first to examine the natural direct and indirect effects of heavy alcohol use over time on HIV-specific and other clinical outcomes in PLWH. While previous cross-sectional studies have demonstrated the impact of heavy alcohol use on VL and CD4? T-cell counts, none have captured the dynamic nature of alcohol use and examined its influence on multiple outcomes while also including ART adherence as a mediator in the model. We used lagged analyses that accounted not only for baseline time-independent confounders but also potential time-dependent confounders (depression, other drug use, smoking, and employment) that could change over time and impact alcohol use, ART adherence, and health. Thus, this study provides particularly rigorous control of potential confounds when examining alcohol's effects on health.
This study also has limitations. Our cohort was largely non-Hispanic white gay, bisexual and other men who have sex with men with a low prevalence of HCV coinfection (12 %) and limited illicit drug use (0.8 % heroin use), and thus may not be representative of the larger population of HIV-infected adults in the United States. The study also had consistent attrition over time leading to more modest sample sizes at longer follow-up times. We relied on self-reports of alcohol use and ART adherence, which could lead to underreporting; however, these data were collected in a confidential manner with providers blinded to all answers, which should reduce social desirability bias in reporting. ART adherence was assessed with only a 3-day timeframe and therefore had to be dichotomized given limited range in responses. It is also possible that the 3-day timeframe would have spanned weekends for some participants and not for others, which could add variability in the measure of adherence for which we cannot control. At the time of this study, the Behavioral Risk Factor Surveillance System did not have separate questions for heavy drinking for men versus women; therefore, all participants were asked about frequency of drinking 5 ? drinks per occasion, which is higher than the 4? drinks/occasion cutoff that is now typically used for women. This limitation may have resulted in heavy drinking frequency being especially strongly associated with male gender.
Conclusions
Heavy drinking in PLWH deleteriously affects multiple clinical biomarkers, including HIV VL, CD4? T-cell counts, and estimated liver fibrosis. Reductions in heavy Model assumes that heavy drinking frequency has a continuous dose effect. VL viral load, ART antiretroviral therapy, FIB-4 Fibrosis 4, eGFR estimated glomerular filtration rate, VACS Veterans Aging Cohort Study, NDE natural direct effect, NIE natural indirect effect. The NIE is the effect of heavy drinking frequency on the biomarker outcome that is due to its association with reduced ART adherence. pvalues and 95 % confidence intervals are calculated based on the bootstrap standard errors. Analyses were adjusted for smoking status, marijuana use status, other drug use status, depression status, employment status, and heavy drinking status at the last visit; and age, gender, race/ethnicity, education level, hepatitis B (HBV) or HCV coinfection, and study site at baseline a The effect estimates and confidence intervals are in the scale of risk ratio b The effect estimates and confidence intervals are transformed back to the original scale of FIB-4, i.e., the interpretation should be in terms of multiplicative effects c The lower limit of the confidence interval is greater than 1 d The lower limit of the confidence interval is less than 1 drinking are likely to benefit PLWH, both by reducing direct negative effects of heavy drinking on the body and by increasing adherence to ART. Prior research indicates that alcohol use leads to physical injury and increased mortality risk at lower levels in PLWH compared with those without HIV [3] . Taken together, HIV clinicians may use these data in discussions with PLWH to encourage reduced heavy drinking. In particular, brief motivational interventions have been shown to reduce drinking in PLWH [49, 50] . Our findings suggest that reducing the frequency of heavy drinking, even if it is not eliminated, may benefit overall health outcomes in PLWH in a dosedependent manner. 
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